We consider the three lepton decay modes of the proton within the proton decay interpretation of the atmospheric neutrino anomaly. We construct higher dimensional operators in the framework of the standard model. The operators which allow the interesting decay modes are of dimension 10 involving SU (2) L non-singlet higgs. We show how these operators can be comparable to the dimension 9 operators. We then present a simple model which can give rise to the desired proton decay modes of the right order of magnitude.
Muon neutrinos produced by cosmic rays in the atmosphere are expected to be almost twice as many as electron neutrinos (where neutrinos are not distinguished from antineutrinos). But the results [1, 2] from the two large water-Cerenkov detectors are R obs /R M C = 0.60±0.07±0.05 from the Kamiokande experiment [1] and R obs /R M C = 0.54 ± 0.05 ± 0.12 from IMB [2] , i.e., the observed ratio R = N(ν µ )/N(ν e ) is almost half the expected ratio. The experiments look for "contained" events which are caused by neutrinos of energy below 2 GeV. Although the more popular explanation of this anomaly is neutrino oscillation [3] , there is another explanation in terms of proton decay [4] . It has been proposed that if proton decays into a positron and two neutrinos with a lifetime of 4 × 10 31 years (this value is consistent with the present proton decay limit for this decay mode [5] ), then the excess "contained" electron events can actually be proton decay events. Since the energy of these electrons peak around 350 MeV with a distribution ranging up to 1
GeV, the decay mode has to be P → e + νν. We are not interested in neutron decay since neutron decay events cannot explain the atmospheric neutrino anomaly; neutron decay events have to have at least two charged leptons and hence give two leg "contained" events, which have not been observed. The possibility of the three lepton decay mode for the proton has been discussed earlier [6, 7] , but it is difficult to incorporate this particular decay mode in those theories [8] .
For this mechanism to work in any theoretical model, the main problem is to have this decay mode with only light neutrinos. In most theories left handed neutrinos are light and right handed neutrinos are heavy. The decay modes are thus restricted to
These processes require six fermion operators [6, 7, 8] and hence are usually more suppressed [9] than decay modes of the type P → e + π 0 (for which τ P > 5 × 10 32 years [10] ), which are allowed by four fermion operators. Thus the next problem is to make (1) more dominate the decay modes.
In this article we study this decay mode in detail. We first make an operator analysis [8, 11] for (1) . We write down the effective operators of higher dimension n allowed by the standard model, which are suppressed by
, where M is the mass scale in the theory, and which depends on the details of the model. We consider the higgs scalars which break the standard model, namely, a higgs doublet and a higgs triplet. Although a triplet is not present in the minimal standard model it naturally exists in left-right symmetric theories [12] . 
We now write the detailed form of the operators and discuss the possibility There are only four dimension nine operators involving six fermions, which could allow (1). These are
where, α, β, γ are SU ( 
we have not written them separately.
In The operators without the higgs scalars are of dimension 9 and so this decay mode is suppressed by a factor M 5 in the amplitude where M is the mass scale in the theory. Thus,
and for the experimental value [5] , τ P ∼ 4 × 10 31 yrs, we find M ∼ 10 6 GeV.
A dimension 10 operator can give rise to these decay modes when the higgs bosons φ or ∆ L acquires a vev, η, say. The amplitude is suppressed by a factor of M 6 /η, i.e., the lifetime for the process becomes,
For a doublet field η = φ ∼ 250 GeV, while for a triplet field 1 it can be
GeV, which implies M ∼ 10 5 , not much different from the dimension 9 case. Hence these dimension 10 operators can be as important as the dimension 9 operators; we present below an explicit model where, with reasonable choices of parameters, such dimension 10 operators
give rise to the desired proton decay mode (1).
We first consider the doublet field φ transforming as
can contract the SU(2) L index of a left-handed field with that of the φ. Then one of the remaining ψ L has to be replaced by a right-handed field for SU(2) L invariance. The bilinear forms in any operator can be of the form ψ L c ψ L ,
Now if only one of the left-handed fields changes to a right-handed field then this one, or at least one other left-handed field, has to be charge conjugated to keep the bilinear form from vanishing. For example, 
From these dimension 10 operators it is clear that the higgs φ allows only (B − L) conserving proton decays. The SU(2) indices have been contracted in only one way for each of these operators. There are other operators which differ in the way the SU (2) (1), the O (n+1) operators can allow decays of (1).
In the minimal left-right symmetric model [6, 7, 12] there exists a natural choice of the higgs scalar masses which lets us develop a simple model which gives one of the decay modes of (1) 
(whereî,ĵ, ... are the SU(2) R indices) and the quartic scalar coupling
give the (B−L) conserving proton decay given by,
where, ξ 1 = φ = 250 GeV. The mass of ξ 3 can be as low as ∼ 100 GeV [6, 7] . Then for a typical value of the quartic and the Yukawa couplings parameters, λ ∼ 10 −2 and f ∼ 10 −3 , and for m ∆ 3 ∼ 6 × 10 4 GeV we obtain the lifetime for the proton decay in this particular mode (1) 
which can then allow a different scenario for the masses. The masses of the fields ∆ L and ∆ R are then given by,
where m ∆ is the mass parameter for ∆ L,R and generates the left-right symmetry breaking. One can now fine tune parameters to get a solution
GeV, even when ∆ R is as large as 10 10 GeV.
For completeness we shall now write down the operators in the presence of the triplet higgs scalar ∆ L which transforms as
These are given by,
These operators can give many possible diagrams which will allow three lepton decay mode of the proton which can explain the atmospheric neutrino problem. The first two operators O 1,2 has a antisymmetric combination of two u ′ s, which gives charmed meson decay modes for the proton. All the remaining operators can, in principle, give rise to the desired decay modes of the proton (1).
To summarize, we have given an operator analysis for the three lepton decay mode of the proton. The proton decay process which can explain the atmospheric neutrino problem is not allowed by dimension 9 operators. This is allowed when a SU(2) L doublet or a triplet field acquire a vev, which requires dimension 10 operators and sometimes can be comparable to dimension 9 operators. We write down a set of possible operators which can give this proton decay mode. In particular a left-right symmetric model which can allow this proton decay mode with an amplitude of right magnitude for a natural choice of the parameters. 
